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Abstract 
Small cell Cloud Radio Access Network (C-RAN) computing based on Cloud Radio Over Fiber (C-ROF) architecture has been 
proposed to meet the capacity demand of future wireless systems in a cost efficient and power effective way.  Small cell C-RAN 
has a scalable and high speed backhaul links in between the Base Band Unit (BBU) and antenna units. Digital Inphase / 
Quadraphase (I/Q) samples are transmitted in C-RAN create latency, jitter and backhaul bandwidth problems. This work 
proposes a multi operator, multi service wireless access architecture based on C-ROF. High speed data transmission is achieved 
using a simplified Radio Antenna Unit (RAU) and transmission of analog Radio Frequency (RF) signal through optical backhaul 
links. The combination of ROF with Wavelength Division Multiplexing (WDM) is used to support multiple services and multiple 
operators without any interference. The throughput and Bit Error Rate (BER) of the proposed system are calculated through 
simulation using Network Simulator for both macro cell system and C-ROF. The performance of the proposed method is also 
analyzed and compared with conventional wireless services and millimeter wave services through BER and throughput. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Organizing Committee of ICCCV 2016. 
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1. Introduction 
In present generation proliferation smart mobile devices creates an evolution from 3G to 4G beyond. Small cell 
deployment and higher RF band exploration is the best solution for future proof wireless services. By reducing the 
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cell size, same spectral resources are reused frequently that increases the capacity of the system. Higher RF band 
exploration provides more bandwidth and allows multiple users to share the spectrum and it supports gigabit 
wireless data transmission without complicated modulation and coding techniques. The combination of these two 
solutions increases system capacity through frequency reuse. A conventional macro cell contains multiple wireless 
fidelity and Worldwide Interoperability for Microwave Access (WIMAX) users creates droplets. A conventional 
macro cell supports only one service at a time [1]. The drawbacks in conventional macro cells are droplets, existence 
of single service and single operator at a time. To support small cells, optical fibers are used as optical backhaul 
which provides sufficient bandwidth and capacity. Recently, cloud radio access is designed to avoid the droplets. In 
cloud radio access networks, the BBUs are separated from RAUs. These BBUs are moved to cloud to perform 
centralized processing. This centralized management provides inter-cellular interference cancellation [2]. The optical 
backhaul network that connects BBU with different RAU and high speed backhaul data transmission is critical. At 
present, the small cell backhaul is an early stage of deployment. In C-RAN, digital I/Q samples are transmitted based 
on Common Public Radio Interface (CPRI) [3]. I/Q multiple antennas are required for high throughput due to over 
sampling. The MAC and physical layer functionalities are divided at BBU and RAU, so careful attention is to be 
taken for latency and jitter. In order to avoid the droplets in macro wireless services and to increase coverage 
capacity on networks, more attention has been focused on the design of small cell based C-ROF backhaul 
computing. So, the C-RAN provides an efficient way for future proof wireless system.  
In this paper, a cloud radio over fiber computing using radio over backhaul is proposed. The basic principle 
behind C-RAN and C-ROF based computing is same except the analog RF signals are transmitted through backhaul 
that creates simplified RAU design. In small cell systems, the high speed backhaul is in early stage of deployment. 
The combination of WDM and C-ROF are used as backhaul in the proposed system. The combination of multiple 
operators and multiple services can co-exist in a shared infra structure. Unlike the conventional macro cell systems, 
the optical analog-over-fiber system enables multiple services at a time. Therefore, the proposed ROF provides 
merits like (i) more operators can coexist in a shared infra structure with different WDM (ii) within each operator 
more services are supported and (iii) Within each service multiple input and outputs can coexist. 
In this proposed system, two operator coexistence tests are performed to check the existence of the two operators. 
To demonstrate the proposed C-ROF backhaul computing, two operator coexistence tests are performed and 
throughput and BER are also calculated. The remainder of the paper is organized in to five sections. Section 2 
explains about the computation of small cell C-ROF backhaul and the comparison between small cell and C-ROF. 
Experimental results of two operator coexistence test for both macro cell and C-ROF are provided in section 3. 
Simulation results of through put and BER of macro cell and C-ROF are presented in Section 4. Finally, conclusions 
are explained in section 5. 
2. Cloud Radio Over Fiber System 
The overall architecture of small cell C-ROF backhaul computing is shown in Fig. 1. The comparison between 
macro cell and C-ROF are provided in Table 1. The radius of the small cells is small as 10m to 100m. Optical fibers 
are generally used as backhaul media for small cell C-ROF systems. In conventional macro cell, the core network 
functions are less. The functionalities of conventional macro cell are shown in Fig 2.  
     Table 1. Comparison of Macro cell system and cloud ROF 
System Parameter Macro cell Small cell Cloud ROF 
Cell Size (radius) 1km-10km 10m - 100m 
Radio Frequency 700MHz-5GHz Micro wave / Mm wave bands 
Cell site functions Base band processing / RF Front end Simplified to RAU 
Backhaul media Micro wave cable / Fiber Optical fiber 
Backhaul signal Format Digital Baseband Analog RF 
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        Fig. 1. Cloud Radio over fiber Computing      Fig. 2. Functionalities of Small cells 
In the case of the proposed C-ROF RF front end, wireless Media Access Control, Analog to Digital Converter / 
Digital to Analog converter, Controller interface and other functionalities are shifted to core network and RAUs are 
simplified and are shown in Fig. 2.  The less the functionalities of RAU the less the power required. This C-ROF 
system is power efficient and cost effective solution for future generations. Optical to electrical and electrical to 
optical interface are different at BBU and RAU that raises a problem of optical signal generation, fiber transmission 
and detection.  
3. Two Operator Coexistence Test of Macro Cell and C-ROF 
The two operator coexistence test of is performed in a shared infra structure to demonstrate the existence of two 
operators. Operators can share the same infra structure to increase the coverage and capacity. The two main 
operators used for performing two operator coexistence tests are Distributed Antenna System operator (DAS) and 
Fractionally Frequency Reuse operator (FFR). 
In the proposed system, the two operators DAS and FFR are used to increase the coverage and capacity of the 
network. The DAS contains mobile stations, base band pool, RAUs, and mobile terminals. In DAS, the same signal 
from baseband is given to different RAUs and is shown in Fig 3.  The same signal from one BBU is given to three 
distinct RAUs to help in increasing the coverage for more mobile users. If the bandwidth of mobile station is 
considered as ‘B’ then each mobile terminal shares a bandwidth of 
3
B . 
 
Fig. 3. Function of Distributed Antenna System 
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In FFR pattern, different signal from BBUs are given to different RAUs. It exploits the frequency reuse pattern as 
two and is taken as frequency reuse pattern. The functional blocks of FFR are shown in shown in Fig. 4. RAU1 and 
RAU3 use the same frequency without non overlapping geographical regions. If the bandwidth of mobile station is 
considered as ‘B’ then each mobile terminal shares a bandwidth of 
2
B . Thus, FFR pattern increases the capacity. So, 
the combination of these two operators gives good coverage and good capacity in a cost effective and efficient 
manner. Fig. 5 shows the droplets in conventional macro cells. Fig. 6 and Fig. 7 shows the structure of conventional 
macro cell and C-ROF. Form Fig 6 and Fig 7, it is observed that the conventional macro cells contain more droplets 
because of heavy data traffic of the network and due to the weak signals.  
 
 
         Fig. 4. fractionally frequency reuses operator system       Fig 5: Droplets in conventional macro cell 
      
          Fig. 6. Structure of conventional macro cells.     Fig. 7. Structure of C-ROF access 
4. Simulation Results 
The performance of wireless network is verified with throughput and BER. The BER is small is provided on Y-
axis as the BER value is so mall. The performance of the conventional macro cell and C-ROF are verified in 
network simulator software. The throughput and BER of the conventional macro cell are shown in Fig 8 and Fig 9 
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respectively. From Fig 8 and Fig 9, it is observed that as the throughput is increased the BER is also increased. The 
throughput and BER of small cell C-ROF are shown in Fig. 10 and Fig. 11 respectively. 
                       
Fig. 8. Through put of conventional macro cell       Fig. 9. BER of conventional macro cell  
                
   Fig. 10. Throughput of small cell C-ROF           Fig. 11. BER of small cell C-ROF  
The throughput and BER values of small cell C-ROF and conventional macro cell are provided in Table 2 and 
Table 3 respectively. From the Table 2 and Table 3, it is observed that the throughput of small cell C-ROF is more 
than the throughput of conventional macro cell where as the BER of small cell C-ROF is less than the throughput of 
conventional macro cell.  
 Table 2. Throughput and BER of conventional macro cell           Table 3. Throughput and BER of small cell cloud ROF 
Received 
Power  BER Simulation time Throughput 
25 0.012545485 5 217.63 
24 0.00546545 10 232.24 
23 0.000245554 15 235.13 
22 0.000058654 20 237.81 
20 0.000004855 25 239.45 
19 0.000000628 30 242.45 
Received 
Power BER Simulation time Throughput 
25 0.010001247 5 223.47 
24 0.003124582 10 242.81 
23 0.000104578 15 247.12 
22 0.000026547 20 251.42 
20 0.000003145 25 256.45 
19 0.000000148 30 261.48 
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      Fig 12 Throughput of conventional macro cell and small cell C-ROF     Fig. 13.BER of conventional macro cell and small cell C-ROF 
5. Conclusion 
A novel multi operator C-ROF using radio over backhaul is proposed and the performance of the proposed 
system is verified. The performance of proposed C-ROF systems is also compared with the existing conventional 
macro cell system using throughput and BER. The C-ROF system contains simplified RAU that leads to low power 
usages. From the simulation results it is concluded that the throughput of small cell C-ROF is higher than the 
conventional macro cell. And the BER of small cell C-ROF is less than the conventional macro cell. The proposed 
system provides better performance, flexibility in a cost effective and power efficient manner.  
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